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METHODS OF PREPARING AND USING NOVEL STEM CELL 
COMPOSITIONS AND KITS COMPRISING THE SAME 

BACKGROUND OF THE INVENTION 

5 Field of the Invention 

The present invention is generally related to the field of stem cell- 
based therapy and, more specifically, to compositions comprising stem cells 
and methods of preparing and using compositions comprising stem cells for the 
treatment and prevention of injury and disease. 

10 Description of the Related Art 

Due to their remarkable ability to regenerate and develop into a 
variety of cell types, stem cells possess great therapeutic potential in the 
treatment of a wide variety of diseases and injuries, particular those involving 
the destruction or damage of normal tissue, such as spinal cord injuries, 

15 Parkinson's Disease, Alzheimer's Disease, and multiple sclerosis. Until fairly 
recently, it was thought that multipotent stem cells could only be isolated from 
embryonic tissue. However, it has now been discovered that multipotent stem 
cells exist in a variety of adult tissues, including bone marrow, skin, brain, 
muscle and adipose tissue. This discovery has sparked increased interest in 

20 stem cell-based therapies, since such adult stem cells are more readily 
available than embryonic stem cells, and their use does not raise the same 
ethical concerns. 

One significant limitation to the therapeutic use of stem cells is 
that they are present in very low numbers in most adult tissues, and their 

25 isolation and purification is a tedious and expensive process. The generally 
practiced method of preparing stem cells before providing them to a patient 
involves purifying cells from a tissue sample, isolating stem cells, e.g., using 
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antibodies specific to stem cell surface markers from other cells, and/or 
culturing the cells. In addition, many procedures further involve treating the 
cells with an agent that induces differentiation down a specific lineage. The 
reagents used for the purification, culturing and differentiation of stem cells are 
5 very expensive, thus limiting the availability of stem cell-based therapies. In 
addition, the procedures involved in preparing and storing stem cells can result 
in cell death and loss of function, thus reducing the number of useful stem cells 
isolated and limiting their ability to be stored and shipped prior to use. 

Clearly, there is a need in the art for improved methods of 

10 preparing stem cell populations suitable for therapeutic and prophylactic use, 
including methods capable of purifying a high number of viable cells from a 
tissue sample, particularly for autologous uses, which may be perfonned with 
increased ease and reduced costs. In addition, there is a related need for 
methods of preparing purified stem cells from a patient's tissue sample 

15 obtained by a medical professional, and providing the purified cells to a medical 
professional for administration to the patient. The present invention meets 
these needs by providing novel methods of preparing stem cell populations, 
novel compositions comprising stem cells, and streamlined procedures for 
preparing and providing stem cells for delivery to a patient 

20 BRIEF SUMMARY OF THE INVENTION 

The present invention provides Improved methods of preparing 
stem cells, improved compositions comprising stem cell populations, improved 
methods of treating and preventing injury or disease using the stem cell 
compositions, and kits comprising stem cell compositions. 

25 In one embodiment, the invention includes a method of preparing 

a purified cell population comprising stem cells for introducing into a patient, 
comprising obtaining adipose tissue from said patient, processing said adipose 
tissue to separate cells therein from other tissue components, and purifying the 
separated cells from other tissue components. 
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In a related embodiment, the invention provides a method of 
preparing a composition comprising purified adipose tissue-derived stem cells 
for introducing into an animal, comprising obtaining adipose tissue from the tail 
head region of said animal, processing said adipose tissue to separate cells 
5 therein from other tissue components, and purifying the separated cells from 
other tissue components. 

In another embodiment, the invention includes a method of 
providing a composition comprising purified stem cells for introducing into a 
patient, comprising processing collagen-based tissue obtained from a patient to 

10 separate cells therein from other tissue components, purifying the separated 
cells, and placing said separated cells in a container, thereby providing a 
composition comprising purified stem cells. In particular embodiment, the 
container is a syringe, vial, or cryovial. 

In a further embodiment, the invention includes a method of 

15 preparing a purified cell population comprising collagen-based tissue-derived 
stem cells for delivery to a patient, comprising obtaining collagen-based tissue 
from said patient, processing said collagen-based tissue to separate cells 
therein from other tissue components, and purifying the separated cells, 
wherein said processing comprises contacting said collagen-based tissue with 

20 a series of screens, thereby preparing a purified cell population comprising 
collagen-based tissue-derived stem cells. In a further embodiment, the 
processing also includes treating the tissue with an enzyme that facilitates the 
release of cells from other tissue components. 

In yet another related embodiment, the invention provides a 

25 method of preparing a purified cell population comprising collagen-based 
tissue-derived stem cells for providing to a patient, comprising obtaining 
collagen-based tissue from said patient and processing said collagen-based 
tissue to isolate cells therein from other tissue components, wherein said 
processing comprises contacting the tissue with a surface to which the tissue 

30 adheres, thereby preparing a purified cell population comprising collagen-based 
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tissue-derived stem cells. In a further embodiment, the processing also 
comprises mincing said tissue and/or treating the tissue with an enzyme that 
facilitates the release of cells from other tissue components. In one 
embodiment, contacting comprises mixing the tissue with particles of the 
5 adherent surface. 

In particular embodiments encompassing a surface to which the 
tissue adheres, the surface is Velcro, polystyrene, glass fiber, glass wool, 
cellulose, or ceramic. 

In a related embodiment, the invention includes a device adapted 
10 for preparing a cell population comprising collagen-based tissue-derived stem 
cells, comprising a series of mesh screens, arrayed such that one or more of 
the screens may be separated from each other while in contact with collagen- 
based tissue sample. In one embodiment, the screens comprise edges 
capable of cutting an adipose tissue sample. In another embodiment, the 
1 5 device comprises a cutting implement that may be inserted between adjacent 
screens. In a further embodiment, the device further includes a container 
comprising said mesh screens, which may Include an opening though which an 
adipose tissue sample may be placed into said container. 

In a variety of embodiments, methods of the invention further 
20 include suspending prepared cells in a physiologically compatible solution, 
and/or freezing or lyophilizing the cells. 

In other embodiments, the methods further comprise shipping 
cells and compositions to a physician or veterinarian. 

In particular embodiments of the invention, the collagen-based 
25 tissue is adipose tissue or umbilical cord matrix. 

In certain embodiments, methods of preparing a cell population or 
composition comprising stem cells further comprise suspending said purified 
cells in a physiologically compatible buffer, placing said purified cells in a 
syringe, and/or freezing cells in freezing medium. 
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In particular embodiments, methods of preparing a cell population 
or composition comprising stem cells do not include isolating stem cells from 
other purified cells. 

in related embodiments, methods of processing tissue include 
5 mincing the adipose tissue, treating the adipose tissue with an enzyme that 
facilitates the release of cells from other tissue components, exposing the 
adipose tissue to ultrasonic energy; and/or treating the adipose tissue with 
perflurocarbons. In one embodiment, enzyme treatment is performed at a 
temperature below 28"C and/or a pH below 7.0. 
1 0 The invention further includes a method of treating an injury or 

disease in a patient, comprising providing to said patient an isolated cell 
population or composition comprising collagen-based tissue-derived stem cells 
prepared according to a method of the invention. 

Similarly, the invention includes a method of preventing an injury 
15 in a patient, comprising providing to said patient an isolated cell population or 
composition comprising collagen-based tissue-derived stem cells prepared 
according to a method of the invention. 

In particular embodiments, the injury or disease is a musculo- 
skeletal injury or disease. In certain embodiment, the injury is a sprain, strain, 
20 dislocation, bruising, tear, or fracture. In other embodiments, the injury or 

disease is an ischemic injury or disease or a septic Injury or disease. In various 
embodiments, the tissue is tendon, ligament, cartilage, or bone; hoof laminae; 
or lung, blood vessels, liver, nerve, or heart. 

In certain embodiments, the Isolated cell population or 
25 composition is provided directly to a site of injury or disease. In another 
embodiment, the isolated cell population or composition is provided to the 
bloodstream of said patient. In one embodiment, the isolated cell population or 
composition is provided by injection, intravenously or inter-arterially. 

In related embodiments, the methods of the invention are 
30 practiced on a variety of different animals. Accordingly, in various 
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embodiments, cell populations are prepared from tissue isolated from any 
animal (including patients and donors), cell populations include cells prepared 
from tissue from any animal, and methods of treatment are performed on any 
animal. Accordingly, in particular embodiments, a patient or animal is a human, 
5 a non-human animal, a horse or camel, a dog or cat, an exotic or zoological 
animal, a hoofed mammal, a bird, or a cow or goat. In various embodiments, 
the invention is practiced on patients or animals having significant commercial 
value, such as performance or racing animals, 200 animals, livestock or farm 
animals, dairy animals, companion animals, and rare or exotic animals. 
10 In certain embodiments, tissue is obtained from any of a variety of 

sites on a patient or donor, including the tail head region. In other 
embodiments, tissue is a collagen-based tissue. 

In various embodiments, compositions and cell populations, which 
comprise stem cells, further comprise one or more additional cellular or non- 
15 cellular tissue component. In one embodiment, additional cells are blood cells, 
white blood cells, fibroblasts, fibroblast-like cells, neutrophils, 
monocyte/macrophages, and/or basophils. In another embodiment, additional 
tissue components are extracellular matrix polypeptides or fragments thereof, 
proteoglycans, cytokines, or growth factors. In one embodiment, an 
20 extracellular matrix polypeptide is collagen, thrombospondin, fibronectin, 
vitronectin, cytotactin, laminin or an integrin. 

In additional embodiments, the invention further includes kits 
comprising a cell population or composition of the invention. In one 
embodiment, the invention provides a kit useful in the treatment of an injury or 
25 disease In an animal, comprising: a container comprising a composition 
comprising a stem cell population purified from a collagen-based tissue 
obtained from an animal. 

In a related embodiment, the invention includes a kit useful in the 
prevention of an injury in an animal, comprising: a container comprising a 
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composition comprising a stem cell population purified from a collagen-based 
tissue obtained from an animal. 

In yet another related embodiment, the kit comprises two or more 
containers, each comprising a composition comprising a stem cell population 
5 purified from a collagen-based tissue obtained from an animal. 

In one embodiment, a kit is useful in the treatment or prevention 
of a musculo-skeletal tissue injury. 

In another kit embodiment, the stem cell population is present in a 
physiologically compatible solution, in various related embodiments, the 
10 container is a syringe, a vial, or a cryovial. In further embodiments, the 
composition is frozen or lyophilized. 

In certain kit embodiments, the collagen-based tissue was 
obtained from the animal to be treated. In one embodiment, the collagen-based 
tissue is adipose tissue obtained from the tail head region of the animal. In 
15 other embodiment, the tissue is tendon, ligament, cartilage, or bone. In yet 
another embodiment, the tissue is lung tissue, blood vessels, liver, nerve, and 
heart. In another embodiment, the tissue is hoof laminae. 



DETAILED DESCRIPTION OF THE INVENTION 

The present invention provides novel and improved methods of 

20 preparing stem cells useful for the therapeutic and prophylactic treatment of 
injuries and diseases. The invention further includes cell populations and 
compositions comprising stem cells purified according to such methods. The 
invention is based, in part, upon the surprising discovery that stem cell 
populations purified according to the methods of the invention have increased 

25 efficacy and increased stability as compared to stem cells purified using 
previous methods, which typically include one or more additional steps of 
isolating stem cells from other cells present in a tissue source and/or culturing 
or differentiating the Isolated stem cells prior to administration to a patient. 
Accordingly, the invention provides methods of preparing a stem cell population 
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that are simpler and more convenient to perform than prior methods. 
Furthermore, the invention includes methods related to the preparation of 
convenient-to-use stem cell compositions that can be supplied in an applicator, 
such as a syringe, for administration to a patient. 

5 A. Methods of Purifying Stem Cells 

In general, the basic method of the invention includes processing 
a tissue sample comprising stem cells to separate cells therein from other 
tissue components and purifying the separated cells from other tissue 
components. In certain embodiments, the method does not include one or 

10 more of the steps of isolating stem cells from other purified cells, culturing the 
purified cells, or differentiating the purified cells. In other embodiments, a 
method of the invention further comprises one or more of these steps. 

The Invention may be used to isolate stem cells from any tissue 
source, including but not limited to adipose tissue, umbilical cord matrix, brain 

15 tissue, blood, muscle, bone marrow, tooth tissue and skin. In one embodiment, 
the tissue is a collagen-based tissue, such as adipose tissue or umbilical cord 
matrix. The methods of the invention are particularly well-suited to processing 
collagen-based tissues to facilitate the release of stem cells. 

Tissue may be obtained from humans and other animals. In one 

20 embodiment, the animal is a mammal. In certain embodiments, tissue is 

obtained from animals having significant commercial or economic value, such 
as horses, dogs, cats, camels, and cows. Similarly, in other embodiments, the 
tissue is obtained from performance or sport animals, such as horses and dogs. 
In other embodiments, tissue is obtained from a companion animal, such as a 

25 dog or cat. In a further embodiment, tissue is obtained from exotic dogs 

(wolves, jackals, dingos, etc.) and exotic cats (leopard, fisher cat, mountain lion, 
jagarundi, tiger, lion, cheetah, etc.). In other embodiments, tissue is obtained 
from exotic or zoological animal, including but not limited to hoof stock, 
including ungulates or hoofed mammals, including, e.g., gazelle, buftelo. 
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rhinoceros, eland, etc. In another embodiment, a tissue sample is obtained 
from a high value exotic species, including but not limited to birds, including, 
e.g., parrots, macaws, etc. In certain embodiments, tissue is obtained from 
large exotic or zoological animals, including but not limited to, zebras, lions, 
5 tigers, elephants, rhinoceroses, hippopotamuses, bears, and giraffes. 

Tissue may be obtained from fetuses, or juvenile or adult animals, 
including humans. Furthemnore, tissue may be obtained from the patient to 
whom the purified cells will be provided, or, alternatively, tissue may be 
obtained from a donor and the purified cells provided to a different patient. As 
10 such, the invention contemplates both autologous and allogeneic uses of the 
purified cells. 

Tissue may be isolated from a patient or donor by any means 
available In the art. In certain embodiments, tissue is isolated by lipoaspiration, 
surgical removal, withdrawal using a needle and syringe, or lipectomy. A 

15 variety of additional procedures are described in U.S. Patent Application 
Publication No. 2003/0161816 A1 and U.S. Patent Nos. 6,020.196 and 
5,744,360. Furthermore, tissue may be isolated from any suitable location on 
an animal, depending upon the type of tissue being isolated. For example, 
adipose tissue may be isolated from locations including, but not limited to, the 

20 tail head, the omentum or other abdominal location, subcutaneously, the 
stomach, hips or thighs. As used herein, the tail head region is the general 
area from the midline lateral and cranial to the insertion of the tail into the body 
of the animal, extending fonA^ard to the area of the loin and the points of the 
hips. Umbilical cord matrix is typically isolated from the matrix within the 

25 umbilical cord, othen^^ise referred to as Wharton's jelly. 

Of particular interest is the use of adipose tissue obtained during 
surgical procedures, and especially procedures that relate to the spaying and 
neutering of animals such as dogs and cats. Adipose tissue collected from 
young dogs and cats undergoing spaying and neutering will produce a higher 

30 level of stem cells. Such cells can be used, e.g., for "banking" the cells for 
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subsequent return to the patient or in the allogeneic treatment of another 
animal. 

A tissue is processed to release cells from other tissue 
components by any of a variety of different means or combinations thereof. In 
5 many embodiments, tissue Is physically processed, e.g., by cutting or mincing a 
tissue sample into smaller pieces. In certain embodiments, tissue is processed 
by exposure to an enzyme preparation that facilitates the release of cells from 
other tissue components, while in other embodiments, the processing of tissue 
does not include exposure to an enzyme that facilitates the release of cells from 

10 other tissue components. In one embodiment, the enzyme preparation is a 
collagenase preparation or comprises collagenase. In related embodiments, 
the enzyme preparation comprises one or more of trypsln-like, pepsin-like, 
dostripain, and neutral protease-type enzymes. Typically, the methods of the 
invention include processing by one or more of the following procedures: 

15 physical cutting, enzymatic treatment, ultrasonic energy treatment, and 
perfluorocarbon treatment. 

In one embodiment, the processing of a tissue comprises 
physically cutting the tissue into smaller pieces. Cutting may be performed by 
any means available, including, e.g., the use of scissors, scalpels, razor blades, 

20 needles, and other sharp instruments. 

In one embodiment, physical cutting of a sample is performed 
using a device comprising an array of screens. A tissue sample is placed onto 
the array of screens, which are typically held within a container. The number of 
screens arrayed together to receive the adipose tissue is preferably sufficient to 

25 contain the volume of the tissue sample within the openings of the screens. In 
one embodiment, the screens comprise a sharp edge, which cuts the tissue 
sample as it is applied to the array of screens. In another embodiment, the 
device is constructed such that one or more of the screens can be separated 
from a neighboring screen, and a cutting device, such as a wire, blade, or 

30 scalpel may be passed or inserted between the screens to further process and 
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cut the tissue. The screens themselves may be constructed from any suitable 
material, including, e.g., metal, ceramic, plastic or glass. In various 
embodiments, the container holding the screens comprises an opening through 
which the tissue sample may be applied to the screens. 
5 Without wishing to be bound to any particular theory, it is 

understood that the tissue, e.g., adipose tissue, is dispersed on the openings of 
the screens and, therefore, has a more uniform particle distribution compared to 
the traditional use of scissors to mince the tissue into smaller particles. This 
method also avoids subjecting the tissue to high shear forces in order to 

10 produce smaller particles. The adipose tissue thus becomes dispersed into 
more uniformly sized particles that will be enzymatically modified at a uniform 
rate upon subsequent or concurrent enzymatic treatment Such arrangement 
promotes a more rapid release of cells and, therefore, reduces the contact time 
between released cells and the enzyme solution. Moreover, using the inventive 

15 device and process, it also is possible to remove the free cells, since the 

residual tissue matrix is retained on the screens. Still further, and in contrast to 
heretofore known devices, it is possible to visually inspect the amount of tissue 
remaining on the screens, in order to assess the extent of the dissolution 
process and determine the point at which processing is completed. 

20 Consequently, this screen device and methods utilizing the device allow for 
more expeditious processing of tissue, since variability of the enzyme solution 
does not need to be detennined before hand due to the ability to see the extent 
of the processing by observing the amount of tissue remaining on the screens. 
In certain embodiments, processing of the tissue includes 

25 enzymatic treatment, as described, e.g., In Example 1. Typically, such 

enzymatic treatment involves exposing the tissue to one or more enzymes that 
facilitate the release of cells from other tissue components. Example of such 
enzymes include matrix metalloproteinases, clostripain, trypsin-like, pepsin-like, 
neutral protease-type and collagenases. Suitable proteolytic enzymes are 

30 described in U.S. Patent Nos. 5,079,160; 6,589.728; 5,422,261; 5,424.208; and 
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5,322,790. In one embodiment, a tissue sample is exposed to collagenase at a 
concentration in a range of 0.01 to 10.0 mg/ml, 0.05 to 10 mg/ml, 0.5 to 2.5 
mg/ml, or 0.75 to 2.0 mg/ml, for a time sufficient to release cells from other 
tissue components. In a related embodiment, the level of collagenase is 0.75 
5 mg/ml (0.075%). The actual usage level may be routinely determined by the 
skilled artisan for the particular tissue type being digested, and it is further 
understood that the concentration may vary depending upon the particular 
source of the enzyme. In particular embodiments, collagenase is used at 
approximately 0.75 or 0.9 mg/ml (Sigma-Aldrich, Cat. # 2674), or 0.75 or 2.0 

10 mg/ml (Serva NB4). Enzymatic treatment may be performed at a variety of 
different temperatures and time durations, which are understood generally to 
be inversely correlated to some degree. For example, in one embodiment, 
collagenase treatment is performed at 37'C for 2-5 minutes multiple times (with 
removal of cells after each time period) or as long as 3-4 hours. In one 

15 embodiment, the total incubation with enzyme is 20-60 minutes. 

In one embodiment, ultrasonic energy is used to process a tissue 
sample. In a specific embodiment, a transducer is applied to a fluid filled 
chamber containing the tissue being processed. The energy is applied and 
dissolution of the tissue occurs. In related embodiment, this procedure is 

20 performed separately or in combination with enzymatic treatment. Conditions 
of the ultrasonic treatment are selected so that adipose tissue is affected 
without the cells therein being significantly damaged. The use of ultrasonic 
energy has previously been shown to improve the dissolution of adipose tissue 
under in vivo procedures relating to lipoaspiration and suitable conditions for in 

25 vivo dissolution of adipose tissue have been described in US Patent Application 
Publication No. 2002/0128592 A1, which conditions may be adapted for the in 
vitro uses described herein. 

In another embodiment, processing of a tissue sample includes 
treatment with a medically-compatible perflurocarbon solution, e.g., as 

30 described in Example 2. Typically, the adipose tissue is placed Into contact 
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with or mixed with the perflurocarbon solution for sufficient time to generate an 
emulsion. The perflurocarbon solution layer is then aspirated, leaving the 
aqueous layer containing the stem cells. The use of medically-compatible 
compositions of perflurocarbons has been reported to aid in the in vivo removal 

5 of adipose tissue performed on human subjects (see, e.g., U.S. Patent No. 
6,302,863). and methods and perflurocarbon solutions described therein may 
be applied to the in vitro methods of the present invention. 

In various embodiments, released cells are purified from other 
tissue components after or concurrent with the processing of a tissue sample. 

10 As used herein, purification of cells means the release of cells from their nomnal 
tissue environment and does not indicate that the cells are purified or isolated 
from all other tissue components. In certain embodiments, purification of cells 
comprises separating cells from certain Insoluble tissue components, Including 
residual tissue material, such as lipids. Cells are separated from other tissue 

15 components by any means known and available in the art, including, e.g., the 
use of density gradients, centrifugation, and filtration or combinations thereof. 
Example of specific methods of purifying cells are known and described In the 
art, e.g., in U.S. Patent No. 6,777,231. In certain embodiments, negative 
separation methods are employed to remove one or more particular types of 

20 cells. 

Cells prepared according to the methods of the invention may be 
used immediately or stored prior to use. In certain embodiments, cells are 
Isolated from a tissue sample at a geographic location different from the 
location where the tissue sample was obtained or where the tissue sample Is to 

25 be provided to a patient. In such circumstances, the purified cells are typically 
stored prior to shipment to a physician or veterinarian for administration to a 
patient. The cells may be stored temporarily at approximately 4°C, or the cells 
may be frozen under liquid nitrogen for long temi storage. A variety of methods 
of freezing cells for long temri storage and recovery are known In the art and 

30 may be used according to the invention, including freezing cells in a medium 
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comprising fetal bovine serum and dimethylsulfoxide (DMSO), as exemplified in 
Example 7. 

In certain embodiments, purified cells, whether previously frozen 
or not, are placed into a vehicle suitable for administration. For example, 
5 purified cells may be placed into a syringe suitable for injection into a patient at 
a wound site or via intravenous administration. 

Remarkably, it was discovered according to the invention that 
purified cell populations retained viability over time, when stored under 
refrigeration, e.g., at temperatures less than 12', or while shipped on cold 

10 packs. This discovery was particularly surprising, since it had previously been 
shown that the use of enzymatic treatments like collagenase reduce the viability 
of cells, due to degradation of membrane structures (Brundstedt, J. et aL, 
Methods in Diabetes Research, V. 1, Laboratory Methods, Larner, J. and Pohl, 
S.L. (eds.), Wiley-lnterscience, New York, 1985), and the prior understanding in 

15 the art was that purified stem cell populations could not be stored without 

substantial loss of viability unless specific steps were taken to preserve viability, 
including addition of proteins, nutrients, serum and tissue culture media of a 
variety of compositions. 

Accordingly, in another embodiment, the invention provides a 

20 purified cell population comprising stem cells useful in the treatment and 

prevention of injury and disease, which can be stored at a temperature of less 
than 12°C and transported under refrigeration or in the presence of cold packs 
prior to delivery to a patient. Such stem cell populations and compositions may 
be used in procedures providing purified stem cells for therapeutic or 

25 prophylactic purposes. 

In certain embodiments, such cell populations are prepared 
according to a method of the present invention. However, in other 
embodiments, the cell populations may be isolated by any other means in the 
art, including those methods that employ enzymatic treatment and those that do 

30 not. In one embodiment, the cell populations and related methods include a 
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Step of culturing or rinsing the cells in the presence of serum or nutrient buffers, 
which can inhibit collagenase activity due to serunn components. 

The invention also includes methods of providing a stem cell 
population that may be transported under refrigeration or on cold packs to a 
5 location other than where the stem cell population was prepared. In one 

embodiment of such a procedure, a tissue sample Is obtained from a patient by 
a physician or veterinarian and shipped to a laboratory. At the laboratory, the 
sample Is processed to provide a purified cell population comprising stem cells. 
The purified cell population, or a portion thereof, Is then shipped to a physician 

10 or veterinarian and subsequently delivered to the patient The purified cells 
may be stored prior to shipment, e.g., at 4°C or under liquid nitrogen. In one 
embodiment, the purified cell population is transferred to and shipped in a 
vehicle, such as a syringe, suitable for delivering the cell population to a patient 
In particular embodiments, the cells are stored cold, i.e. less than 12°C for 24 

15 hours or 48 hours without losing significant viability or losing less than 5%, 
10%, 20%, or 50% viability. 

The current invention may be further applied industrially as a 
method of providing a medical service. Thus, in one embodiment, the invention 
includes a method of providing purified stem cells, comprising providing a kit for 

20 obtaining a tissue sample from a patient to a physician or veterinarian, 

processing the obtained tissue sample to purify a cell population comprising 
stem cells, and shipping a purified cell population to a physician or veterinarian 
In a device suitable for administering the cell population to a patient These 
methods permit such off-site processing, since they provide a stem cell 

25 population having a high percentage of viable cells even after storage and 
shipment at less than 12*C or on ice. Of course, it is understood that the 
method may be modified without falling without the scope of the present 
invention. For example, in one embodiment, the method may not include the 
step of providing a kit for obtaining a tissue sample, since the physician or 

30 veterinarian can usually obtain and ship a tissue sample to a laboratory for 
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processing using materials at hand. Furthermore, it is not necessary according 
to the method for the cells to be shipped in a device suitable for administration 
to a patient. Rather, the cells may be shipped in a container, e.g., a vial, and 
subsequently transferred into a device suitable for administration. 

In one specific embodiment, a sample of adipose tissue obtained 
from a horse by a veterinarian is processed according to a method of the 
invention, and the purified stem ceil population is placed into a syringe and 
shipped on cold packs to the veterinarian. The purified stem cell population 
may then be provided to a site of injury or potential injury in the horse from 
which the tissue sample was obtained. In particular embodiments, the site of 
injury is a tendon, ligament, cartilage or bone, including, e.g., a strain or 
fracture. 

B. Compositions and Kits Comprising Purified Stem Cells 

The method of the invention results in a purified cell population 
15 having a unique composition that has distinct advantages in the treatment and 
prevention of injuries. The cell population purified according to the methods of 
the invention includes multipotent stem cells, such as e.g., mesenchymal or 
embryonic stem cells. However, as used herein, the term "purifed" does not 
indicate the presence of only stem cells. Rather, the term "purified" indicates 
20 that the cells are removed from their natural tissue environment and are present 
at a higher concentration as compared to the normal tissue environment. 
Accordingly, a "purified" cell population may further include cell types in addition 
to stem cells and may include additional tissue components. In particular 
embodiments, purified cell populations comprise at least 10,000, 20,000, 
25 50,000, 100,000, 200,000, 500.000, 600,000, 700,000, 800,000, 900,000, 1 x 
10®, 2 X 10^ 3 X 10^ 5 X 10^ or 10 X 10® cells per gram of tissue. In certain 
embodiments, at least 600,000 to 70 x 10® cells are isolated from 3 to 50 grams 
of tissue . In related embodiments, the purified cells are present at a 
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concentration approximately 40 to 50-fold greater than their concentration in the 
tissue from which they were isolated, when initially pelleted. 

In certain embodiments, a stem cell is of mesodermal origin. 
Typically, such stem cells retain two or more mesodemnal or mesenchymal 
5 developmental phenotypes. in particular, such cells have the capacity to 

develop into mesodermal tissues, such as mature adipose tissue, bone, various 
tissues of the heart, dermal connective tissue, hemangial tissues, muscle 
tissues, urogenital tissues, pleural and peritoneal tissues, viscera, mesodermal 
glandular tissue and stromal tissue. In other embodiment, a stem cell has the 

10 capacity to develop into neural ectodermal tissue. 

The purified cells demonstrate a high degree of viability, both 
before and after storage at4"C or under liquid nitrogen, and after being shipped 
at temperatures less than 12 or on ice. In certain embodiments, the 
percentage of viable cells, as determined by standard Trypan blue dye 

15 exclusion methods, immediately following preparation of a tissue sample is at 
least 50%, 60%, 70%, 80% or 90%. In related embodiments, the percentage of 
viable cells, as determined by standard Trypan blue dye exclusion methods, 
following storage at 4'C for 24 hours or storage under liquid nitrogen for two 
weeks is at least 40%, 50%, 60%, 70%, 80% or 90%. In another embodiment, 

20 the percentage of viable cells, as determined by standard Trypan blue dye 
exclusion methods, following refrigerated storage or shipment on ice packs for 
less than 24 houre is at least 30%, 40%, 50%, 60%, 70%, 80% or 90%. 

In addition, in certain embodiments, the cell populations also 
include other cell types, such as one or more of the following: red blood cells, 

25 white blood cells, neutrophils, monocyte/macrophages, fibroblasts, fibroblast- 
like cells, lymphocytes, and basophils. However, in certain embodiments, the 
compositions and cell populations do not include lymphocytes (/.e., T or B cells) 
or have a significantly reduced percentage of lymphocytes as compared to the 
amount present in peripheral blood. In specific embodiments, the percent of 

30 total cells in the purified cell population that are lymphocytes is reduced by at 
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least 50%, 60%, 70%, 80%, 90%, 95%, 99% or 100% as compared to the 
percent of total cells in the original tissue sample that are lymphocytes. In 
related embodiments, lymphocytes represent less than 1%, 2%, 5%, 10%, 
20%, 30%, 40%, or 50% of the total cells present in the purified cell population. 
5 in particular embodiments, the purified cell population does not comprise an 
appreciable number of lymphocytes. An appreciable number of lympocytes, as 
used herein, refers to at least 5% of the cell population being lymphocytes. 
Since the methods of the invention do not typically include a step of separating 
stem cells from other purified cells, these additional cells may be present in the 

10 originally purified cell population. Alternatively, non-stem cells may be added to 
the purified cell population at any time prior to administration to a patient. 

In further embodiments, the cell populations also include non- 
cellular tissue components. Such non-cellular components may be soluble 
factors, or, altematively, they may be insoluble components, such as lipids, or 

15 both. Examples of such non-cellular tissue components include extracellular 
matrix proteins, proteoglycans, secreted factors, cytokines, growth factors, 
difTerentiation-inducing factors, and differentiation-inhibiting factors, or 
fragments thereof. In one embodiment, the cell populations include collagen, 
thrombospondin, fibronectin, vitronectin, laminin, or fragments thereof. In a 

20 particular embodiment, the cell populations include collagen or fragments 

thereof. Collagens include, but are not limited to, Type I, Type II, Type III, and 
Type IV collagen. Again, these additional non-cell components frequently will 
be present in the originally Isolated cell population. However, in certain 
embodiments, such non-cell components are added to the purified cell 

25 population prior to administration to a patient. 

NATithout wishing to be bound to any particular theory, it is 
understood that the presence of tissue components in addition to stem cells 
provides a therapeutic advantage over stem cell populations lacking other 
tissue components, e.g., by providing additional factors that promote 

30 appropriate difTerentiation of the stem cells upon administration to a patient 
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and/or possess. In addition, certain components are understood to possess 
intrinsic wound healing and preventative properties and, thus, cooperate with 
the stem cells in tissue repair and wound prevention. 

In certain embodiments, the purified cell populations are present 
5 within a composition adapted for and suitable for delivery to a patient, i.e., 
physiologically compatible. Accordingly, compositions of the stem cell 
populations will often further comprise one or more buffers (e.g., neutral 
buffered saline or phosphate buffered saline), carbohydrates (e.g., glucose, 
mannose, sucrose or dextrans), mannitol, proteins, polypeptides or amino acids 

10 such as glycine, antioxidants, bacteriostats, chelating agents such as EDTA or 
glutathione, adjuvants (e.g., aluminum hydroxide), solutes that render the 
formulation isotonic, hypotonic or weakly hypertonic with the blood of a 
recipient, suspending agents, thickening agents and/or preservatives. 

In other embodiments, the purified cell populations are present 

1 5 within a composition adapted for or suitable for freezing or storage, such as the 
freezing medium described In Example 7. 

The methods and compositions of the present Invention are 
particularly well-adapted to being practiced using a kit, since they pemiit the 
storage and shipment of stem cell populations. In certain embodiments, a kit 

20 comprises a device suitable for administering the purified stem cell composition 
to a patient and containing an amount of stem cell composition to be 
administered. In one embodiment, a kit useful in the treatment of a musculo- 
skeletal tissue injury In an animal compnses a syringe containing a composition 
comprising purified adipose tissue-derived stem cells obtained from the animal 

25 in a physiologically compatible solution. It is understood that a kit may include 
any of the purified stem cell populations and compositions described herein. 
Accordingly, kits of the invention may be prepared for autologous, allogeneic or 
xenogeneic administration, and may further comprise additional tissue 
components (cellular or non-cellular) that are co-purified with the stem cells or 

30 added to the composition after purification of the stem cells. 
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C. Methods of Treating and Preventing Injury 

In certain embodiment, the purified stem cells and compositions 
comprising the same are used to treat a clinically obvious injury or disease in a 
patient. In other embodiment, they are used prophylactically to prevent sub- 
5 clinically non-obvious injury or disease. In addition, in certain embodiments, 
they are used autologously to treat a patient from which the purified stem cells 
were isolated, while in other embodiments, they are used allogeneically to treat 
a patient other than the donor from which the stem cells were purified. In one 
embodiment, they are used to treat a patient of the same species, while in 

10 another embodiment, they are used to treat a patient of a difference species, 
Le., xenogeneic. 

In certain embodiments, the purified stem cells and related 
compositions are used to treat a variety of different diseases, including but not 
limited to inflammatory diseases, cardiovascular diseases, nervous system 

15 diseases, tumors, demyelinating diseases, digestive system diseases, 
endocrine system diseases, reproductive system diseases, hemic and 
lymphatic diseases, immunological diseases, mental disorders, musculoskeletal 
diseases, neuromuscular diseases, metabolic diseases, skin and connective 
tissue diseases, urological diseases. 

20 In various embodiments, the purified stem cells and related 

compositions are used to treat a variety of different wounds, including but not 
limited to, abrasions, avulsions, blowing wounds, incised wounds, burns, 
contusions, puncture wounds, surgical wounds and subcutaneous wounds. 

In particular embodiments, the purified stem cells and related 

25 compositions are used to treat or prevent a variety of injuries, including but not 
limited to, injuries to muscle, connective tissue (including tendon, ligament and 
cartilage), bone, hoof laminae, lung tissue, blood vessels, nerve, liver, musculo- 
skeletal tissue or cardiac tissue. In particular embodiments, the injury Is a 
sports related injury, which includes but is not limited to contusions, myositis, 

30 strains, (including muscle and tendon strains), microtears, fractures (including 
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avulsion fractures), dislocation, tear, sprains, stress fractures, bursitis, and 
articular cartilage injury. 

In one embodiment, the injury is an injury associated with a 
performance animal, such as a tendon or ligament injury, which are frequently 
5 observed in competitive or racing mammals such as humans, horses, dogs and 
camels. In one embodiment, the injury occurs in a horse or camel within a 
superficial digital flexor tendon, suspensory ligament, accessory ligament of the 
deep digital flexor tendon, menisci, or other ligament such as cruciate 
ligaments. In another embodiment, the injury occurs in a dog within an Achilles 

10 tendon, cruciate ligament, meniscus, or flexor tendon. In certain embodiments 
wherein the patient is a human, the injury is of the Achilles tendon, quadriceps 
tendon, rotator cuff, lateral or medial epichondylitis, cruciate ligament, 
intervetebral disc or meniscus. Accordingly, in related embodiments, examples 
of particular injuries include tendonitis, tendinopathy, desmitis, bowed tendon, 

15 fractures, and strains. 

Cell populations and related compositions may be provided to a 
patient by a variety of different means. In certain embodiments, they are 
provided locally, e.g., to a site of actual or potential injury. In one embodiment, 
they are provided using a syringe to inject the compositions at a site of possible 

20 or actual injury or disease. In other embodiments, they are provided 

systemically. In one embodiment, they are administered to the bloodstream 
intravenously or intra-arterially. The particular route of administration will 
depend, in large part, upon the location and nature of the disease or injury 
being treated or prevented. Accordingly, the invention includes providing a cell 

25 population or composition of the invention via any known and available method 
or route, including but not limited to oral, parenteral, intravenous, intra-arterial, 
intranasal, and intramuscular administration. 

In one specific embodiment, a method of treatment comprises 
injecting a composition comprising stem cells isolated from an adipose tissue 

30 sample obtained from the tail head region of a horse and prepared according to 
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a method of the invention into the same horse at a site of actual or potential 
injury, such as a tendon or ligament. 

The development of suitable dosing and treatment regimens for 
using the cell populations and compositions described herein in a variety of 
5 treatment regimens, including e.g., oral, parenteral, intravenous, intranasal, and 
intramuscular administration and formulation, will again be driven in large part 
by the disease or injury being treated or prevented and the route of 
administration. The determination of suitable dosages and treatment regimens 
may be readily accomplished based upon information generally known in the 
10 art. 

Treatment may comprise a single treatment or multiple 
treatments. In particular, for preventative purposes, it is contemplated in certain 
embodiments that purified cell populations of the invention are administered 
prior to a stress that might potentially cause injury, such as, e.g., an animal race 
15 (e.g., dog or horse race). 

Alt of the above U.S. patents, U.S. patent application publications, 
U.S. patent applications, foreign patents, foreign patent applications and non- 
patent publications referred to in this specification and/or listed in the 
Application Data Sheet, are incorporated herein by reference, in their entirety. 

20 

EXAMPLE 1 

Preparation of Adipose-Tissue Derived Stem Cells Using Enzymatic 

Degradation 

25 Stem cells from adipose tissue obtained from four equines were 

prepared according to the following procedure, and the number and viability of 

purified cells was determined. 

a. Label processing tubes (50 ml conicals). Determine the 

weight of each conical, record on the label. 
30 b. Transfer fat sample to the inside surface of a lid from a 

Petri dish. Allow to drain. 
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c. Place fat sample in pre-weighed conical tube. 

d. Record weight of fat sample and tube. 

e. Add 30-40 ml of sterile PBS to the conical, cap and gently 
invert several times. 

5 f. Carefully pour off liquid by using sterile forceps to retain the 

fat. 

g. Transfer fat to the bottom portion of a sterile petri dish and 
mince with scissors and forceps. 

h. Return minced sample to original 50 ml conical by using 

10 sterile scoop. 

i. Rinse the petri dish with 15 ml of sterile PBS to dislodge 
any remaining fat particles and pour liquid/particles into the conical. 

j. Carefully aspirate PBS from the tube until approximately 5 
ml of PBS remains. 

15 k. Prepare the required amount of collagenase solution by 

detemiining the volume of the fat present in the conical. Make sufficient volume 
of collagenase to equal 1.1 X the volume of fat to be treated. Collagenase stock 
is 0.075% in PBS {i.e., 75 mg per 100 ml). Filter sterilize the collagenase stock 
solution by using a 0.22 pm sterile filter. Place collagenase stock solution in a 

20 37^ C water bath. 

I. Add enough sterile PBS to bring level to 40-45 ml mark, 

then cap. 

m. Mix by inverting several times. 

n. Aspirate the aqueous layer present, leaving 5 ml of volume. 
25 o. Repeat Steps 2l-2n until aqueous layer is relatively clear of 

debris/blood (e.g., 2x or 3x, depending on how bloody the sample is). 

p. After final aspiration, add collagenase enzyme solution 
(warmed to 37 °C). Mix well. Add a volume of collagenase stock solution equal 
to the total volume of the minced fat sample (fat and residual PBS). 
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q. Incubate tubes in 37 °C water bath with agitation for 20-60 
minutes, depending on the rate of fat degradation. 

r. Dry tubes and spray outside of tubes with 70% Isopropyl 

alcohol. 

5 s. Add enzyme-neutralizing solution (optional, based on 

adding DMEM with FCS). 

t. Centrifuge tube at 400 x g for 5 minutes, swinging bucket 
rotor (set at 4 X). 

u. Aspirate/pour off supernatant, removing fat layer. 
10 V. Resuspend pellet by gently "flicl^ing" the bottom of the tube 

with a finger. 

w. Add 10 ml of PBS and mix gently by inversion. 

X. Pour resuspended cells through tissue filter (e.g., 70 pm) 
into a labeled 50 ml conical tube to remove any tissue matrix and debris. After 
1 5 the suspension has drained into the conical, gently rinse the tissue filter with 
approximately 20 ml of sterile PBS, collecting the rinsate in the conical 
(including the underside of the filter unit itself). 

y. Centrifuge the tube at 400 x g for 5 minutes, swinging 

bucket rotor. 

20 z. Aspirate/pour off supernatant. 

aa. Resuspend ceil pellet in a small volume of medium. 

bb. Transfer 50 pi of each sample to the appropriate labeled 
0.5 ml plastic tube for cell counting and viability determination. 

Cell count and viability determinations were performed according 
25 to the following procedures. 

a. Add 50 pt of 0.4% Trypan Blue dye exclusion medium to 
the tube in Step bb. 

b. Mix gently and allow to stand for 1-2 minutes. 

c. Load one chamber of the hemacytometer with a sample. 
30 Let sit for 1-2 minutes. 
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d. Perform cell count and viability detemiination by counting 
at least 100 cells (but fewer than 500 cells) contained in the 4 large grid areas. 

e. Perform calculations of cell number and viability. 

The results of these experiments are shown in Table 1 , which 
5 provides the number of cells isolated per gram of adipose tissue and the 
percent viability of cells from each sample. 
Table 1. Viability and number of adipose tissue-derived cells 

Sample Number % Viability Cell Number/a of adipose tissue 

1 68.5 0.86x10^ 

10 2 55.7 0.91 X 10® 

3 72.0 0.36x10® 

4 75.4 0.35x10® 
These experiments demonstrate that the procedure of the present 

invention provides a remarkably high number of viable ceils per gram of tissue 
1 5 and is, therefore, extremely useful for preparing stem cells for therapeutic and 
prophylactic treatments. 



EXAMPLE 2 

Preparation of Adipose-Tissue Derived Stem Cells Using Perflurocarbons 
20 TO Release Stem Cells from Tissue 

The following procedure for preparing adipose-tissue derived 
stem cells is adapted from the procedure of Example 1 by the addition of 
treatment with perilurocarbons to assist in the release of stem cells fi^om 
adipose tissue. 

25 a. Label processing tubes (50 ml conicals). Determine the 

weight of each conical, record on the label. 

b. Transfer fat sample to the inside surface of a lid from a 
Petri dish. Allow to drain. 

c. Place fat sample in pre-weighed conical tube. 
30 d. Record weight of fat sample and tube. 
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e. Add 30-40 ml of sterile PBS (with a pH of 6.9; to be used 
throughout the procedure) to the conical, cap and gently invert several times. 

f. Carefully pour off liquid by using sterile forceps to retain the 

fat. 

5 g. Transfer fat to the bottom portion of a sterile Petri dish and 

mince with scissors and forceps. 

h. Return minced sample to original 50 ml conical by using 

sterile scoop. 

i. Rinse the Petri dish with 15 ml of sterile PBS to dislodge 
10 any remaining fat particles and pour liquid/particles into the conical. 

j. Carefully aspirate PBS from the tube until approximately 5 
ml of PBS remains. 

k. Add an amount of perflurocarbon solution equal to the 
volume of the adipose sample, including PBS. Shake to bring the adipose 
15 tissue into contact with the perflurocarbon solution. Use of a "rocker" platform 
will aid in this procedure. At completion, aspirate the PFC layer without 
removing the aqueous layer. 

I. Prepare the required amount of collagenase solution by 
determining the volume of the fat present in the conical. Make sufficient volume 
20 of collagenase to equal 1 .1 X the volume of fat to be treated. Collagenase stock 
is 0.075% in PBS (i.e., 75 mg per 100 ml). Filter sterilize the collagenase stock 
solution by using a 0.22 \}m sterile filter. Place collagenase stock solution in a 
28 ^C water bath. 

m. Add enough sterile PBS to bring level to 40-45 ml mark, 

25 then cap. 

n. Mix by inverting several times, 
o. Aspirate aqueous layer, leaving 5 ml of volume . 
p. Repeat Steps 2l-2n until aqueous layer is relatively clear of 
debrisA)lood (e.g., 2x or 3x, depending on how bloody the sample is). 
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q. After final aspiration, add collagenase enzyme solution 
(warmed to 37 ^C). IVlix well. Add a volume of collagenase stock solution equal 
to the total volume of the minced fat sample (fat and residual PBS). 

r. Incubate tubes in 37 water bath with agitation for 20-60 
5 minutes, depending on the rate of fat degradation. 

s. Dry tubes and spray outside of tubes with 70% Isopropyl 

alcohol. 

t. Add enzyme-neutralizing solution (optional, based on 
adding DMEM with FCS). 
10 u. Centrifuge tube at 400 x g for 5 minutes, swinging bucket 

rotor (set at 4 °C). 

V. Aspirate/pour off supernatant, removing fat layer. 

w. Resuspend pellet by gently "flicking" the bottom of the tube 

with a finger. 

15 X. Add 10 mi of PBS and mix gently by inversion. 

y. Pour resuspended cells through tissue filter (70 pm) into a 
labeled 50 ml conical tube to remove any tissue matrix and debris. After the 
suspension has drained into the conical tube, gently rinse the tissue filter with 
approximately 20 ml of sterile PBS, collecting the rinsate in the conical 
20 (including the underside of the filter unit itself). 

z. Centrifuge the tube at 400 x g for 5 minutes, swinging 

bucket rotor. 

aa. Aspirate/pour off supernatant, 
bb. Resuspend cell pellet in a small volume of medium. 
25 cc. Transfer 50 pi of each sample to the appropriate labeled 

0.5 ml plastic tube for cell counting and viability determination. 
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EXAMPLE 3 

Isolation of Stem Cells from Adipose Tissue Obtained from the Tail Head 

Region of a Horse 
The optimal location on a horse for the collection of an adipose 

5 tissue sample for isolation of stem ceils is not readily apparent, since fat is 
deposited at numerous sites in horses. The system of body condition scoring 
(Ott EA. Chaimian Subcommittee on horse nutrition: Nutritional Requirement of 
Horses. 5* ed National Academy Press, Washington DC (1989)) describes fat 
accumulating in numerous locations on the horse. 

10 To determine if the tail head region is a preferred location for 

collecting fat tissue, a number of adipose tissue samples were obtained from 
both thin and fat horses and processed as described in Example 1 . 
Specifically, samples were obtained from the tail head region of four equine 
patients and the neck of one equine patient. The processed samples were 

1 5 analyzed to determine viability and number of stem cells, and the results are 
provided in Table 2. Adherent cells were observed for selected samples that 
were cultured, indicating the presence of viable stem cells. 
Table 2. Viability and Number of Cells Obtained from the Tail Head Region 



Sample # Location % Viability Cell Number/g of adipose tissue 

20 1 Tail Head 68.5 0.86x10® 

2 Tail Head 55.7 0.91x10 

3 Tail Head 72.0 0.36x10® 

4 Tail Head 75.4 0.35x10® 

5 Necic N/A No cells isolated 
25 The results of these experiments establish that the tail head 



region is a preferred location to obtain adipose tissue from a horse. Adipose 
tissue derived from the tail head region provided increased number of cells as 
compared to adipose tissue derived from the neck. The tail head region also 
offers additional advantages as compared to other locations, including greater 
30 ease of access and safety in a chute or stanchion, no requirement for general 
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anesthesia, no significant nerves or vessels are located in this area, and fat is 
available in adequate amounts for collection and is close to the body surface. 
In addition, the surprising finding was made that the tail head area is one of the 
few areas where fat is located distinct from other fibrous tissues. 

5 

EXAMPLE 4 

Small animals, including dogs and cats, possess a number of 
potential anatomical sites for obtaining adipose tissue. Stem cells were isolated 
from adipose tissue obtained from a variety of anatomical sites in animals 
1 0 according to the procedure described in Example 1 , and the amount of cells 
isolated and their viability was determined. The results are shown in Table 3. 



Table 3. Viability and Number of Cells Obtained from Small Animals 



identification 
Mo. 


Species 


Sample Type 


% Viabiiity 


Viable Cells/gram 
Adipose Tissue 


061302-01 


Feline 


Lipoaspirate 


85.0 


N/A 


061302-02 


Canine 


Lipoaspirate 


77.0 


N/A 


061902-01 


Feline 


Lipectomy 


89.4 


2.85x10" (total) 


071202-01 


Canine 


Lipectomy 


97.1 


1.12x10" (total) 


110702-01 


Feline 


Lipectomy 


94.4 


0.61 X 10" 


092303-01 


Canine 


Broad-Lig. 


86.5 


2.3x10" 


092303-02 


Canine 


Subcutaneous 


75.2 


0.59 X 10" 


092303-03 


Canine 


Omental 


55.2 


1.1 X lO'' 


092403-01 


Feline 


Subcutaneous 


63.2 


0.26x10" 


092403-04 


Feline 


Omental 


66.7 


0.30x10" 


092403-02 


Canine 


Omental 


85.2 


1.84x10" 


092403-03 


Feline 


Subcutaneous 


91.7 


0.8x10" 


092503-01 


Feline 


Subcutaneous 


80.6 


0.26x10" 


092503-02 


Feline 


Omental 


77.0 


0.51 X 10" 


092603-01 


Canine 


Subcutaneous 


76.1 


0.46x10" 


092603-02 


Canine 


Omental 


90.3 


1.57x10" 


100303-01 


Canine 


Subcutaneous 


68.6 


N/A 


100303-02 


Canine 


Omental 


67.0 


0.21 X 10" 


100303-03 


Canine 


Broad Lig. 


60.0 


0.31 X 10" 


100303-04 


Canine 


Broad Lig. 


67.0 


0.22x10" 



These results demonstrate that viable stem cells may be isolated from a variety 
15 of different locations in small animals. In addition, they further establish that the 
procedures of the present invention result in the isolation of a surprisingly 
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substantial number of viable cells and are. therefore, particularly well-suited for 
the preparation of stem cells for therapeutic and prophylactic treatment of 
patients, since a large number of viable cells may be isolated from a relatively 
small tissue sample. 

5 

EXAMPLE 5 

Preparation of Adipose Tissue-Derived Stem Cells Using a Module for 

Tissue Processing 
Adipose tissue obtained from a patient by standard methods (e.g., 
10 lipectomy, lipoaspiration, or other suitable procedure) is brought into contact 
with a series of screens within a module and is forced into the mesh of the 
screens. Once the adipose tissue has been dispersed throughout the screens, 
the individual screens are separated slightly from their neighbors, creating a 
gap between the screens. The screens are moved in a parallel manner relative 
15 to one another, or a thin blade may be passed between adjacent screens In 
order to obtain discretely distributed adipose tissue held within the openings of 
each screen. 

The set of screens is processed individually or is maintained in a 
"block" arrangement. In either case, an enzymatic solution is added to the 
20 container in which the screens are placed and allowed to come into contact with 
the adherent adipose tissue. Free cells released from the screens are 
recovered, while the residual tissue matrix is retained on the screens. 

EXAMPLE 6 

25 Isolation of Stem Cells Using Adherent Material 

Stem cells were isolated from adipose tissue using small adherent 
materials, e.g., packing peanuts or Velcro pieces, to which the adipose tissue 
adheres, according to the following procedure. The effect of including either of 
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these adherent materials in samples being processed was determined by 
monitoring their effect on filtration rates, as described below. 

a. Packing peanuts were "chopped" with a vegetable chopper 
and scissors to reduce their nominal size to between 1 mm to 10 mm in 

5 diameter approximately. 

b. The chopped peanuts were placed in a beaker and water 
was added. Only those peanuts that appeared to be within the dimensional 
range and floated were recovered. 

c. Velcro was cut into pieces, essentially creating shreds of 
10 Velcro approximately 2-4 mm wide and the length of the original Velcro strip 

width. These shreds were placed in water to see if they floated. 

d. The chopped peanuts (approx. 1 gram) were placed in the 
top of a Corning 115 mL filtration system and 100 mL of water was added. 
Vacuum was applied and the time that it took to filter the 100 mL was 

1 5 detemnined. As a control, the time to filter 1 00 mL of water by itself was 
measured. 

e. In a fresh filtration device, the time to filter 1 00 mL of water 
in the presence of the shredded Velcro (approx. 1 gram) was determined. 

f. 20 g of fat was minced as described in Example 1 . The 
20 minced tissue was placed in a fresh Corning 1 15 mL filtration device. 100 mL of 

water was added, the fat particles were dispersed. Vacuum was applied and 
the time to filter was determined. 

g. 20 g of fat was minced as described in Example 1. The 
minced tissue was mixed v\nth the chopped peanuts and placed in a fresh 

25 Coming 115 mL filtration device. 100 mL of water was added and the particles 
were dispersed. Vacuum was applied and the time to filter the 100 mL of water 
was determined. 

h. 20 g of fat was minced per the standard protocol. The 
shredded Velcro pieces were mixed with the fat and placed in a fresh Corning 

30 1 1 5 mL filtration system. 1 00 mL of water was added and the particles were 
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dispersed. Vacuum was applied and the time to filter the 100 mL of water was 
determined. 

Most of the Velcro pieces and all of the minced packing peanut 
5 pieces floated in water. The time for 1 00 mL of water to filter in a filter system 
was recorded, along with the time it took for 100 mL of water to filter in the 
same filter unit in the presence of either the Velcro or packing peanut pieces. 
The final filtration assessment was determined with the fat tissue added directly 
to the filter or added to the filter after being mixed with the Velcro or packing 
10 peanut pieces. The fat coated both the Velcro and the packing peanuts quite 
well without extensive mixing being required, and it appeared that nearly all of 
the minced fat was in contact with the Velcro or packing peanut pieces. The 
initial filtration results are shown in Table 4. 

1 5 Table 4. Filtration Times of Adipose Tissue Samples in the Presence or Absence 
of Adherent Materials 



Filter Unit 


Condition 


Time to Filter 
(sec) 


1 


H2O 


25 


H20A/elcro 


25 


HzO/Velcro/Fat (20.361 g) 


39 


2 


H2O 


24 


HaO/Paclcing Peanuts 


25 


HaO/Packing Peanuts/Fat (20.545 
g) 


37 


3 


H2O 


27 


H20/Fat (20.605 g) 


53 



Additional filtration studies were performed using a 0.2 pm filter 
system from Nalgene. The previous assessment was made with a Coming 
20 filter system. Approximately 1 g of Velcro pieces and polystyrene packing 
peanut pieces were used in each of three filter units tested per condition. Fat 
without any agent present was used as the control. The time for 100 mL of 
water to filter in a filter system was assessed in the absence (control) or 
presence of either the Velcro/fat or packing peanut pieces/fat mixtures. The 
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time for 100 mL of water to filter in a filter system was assessed in the absence 
(control) or presence of either the Velcro/fat or packing peanut pieces/fat 
mixtures. The time for 100 mL of water to filter was determined for each filter, 
after which the test condition was evaluated in the same filter. Approximately 20 
5 g of fat was used per condition. The results are shown below in Table 5. 



Table 5. Filtration Times of Adipose Tissue Samples in the Presence or Absence 
of Adherent Materials 



Filter Unit 
Number 


Agent 


Mass of Fat 

(g) 


Time-to-Filter (sec) 


Water Only 


Water/Fat/Agent 


1 


None 


20.156 


24 


44 


2 


None 


20.176 


23 


48 


3 


None 


20.511 


23 


51 


4 


Velcro 


20.219 


22 


29 


5 


Velcro 


20.373 


22 


30 


6 


Velcro 


20.392 


21 


29 


7 


Polystrene 
Peanuts 


20.051 


23 


40 


8 


Polystrene 
Peanuts 


20.539 


23 


39 


9 


Polystrene 
Peanuts 


20.534 


20 


34 



10 The results shown above clearly demonstrate that the presence of 

either the Velcro or packing peanut pieces with the fat resulted in a substantial 
improvement in the filtration time. Filtration of untreated fat took almost twice 
as long compared to filtration of water alone, increasing from 27 seconds to 53 
seconds upon the addition of the fat. However, filtration of fat mixed with the 

15 Velcro or packing peanut pieces only took approximately 1 .5 times as long 
compared to filtration of water alone. These results indicate that the binding of 
the fat to the adherent material results in the generation of aggregates of 
adherent material/fat , which facilitates further processing. 

Based on the observations made about the interaction of Velcro 

20 pieces with adipose tissue and the improved filtration that resulted from mixing 
the two together, an experimental assessment of the impact of including Velcro 
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pieces present in the tissue processing procedure of Example 1 was performed 
as described below. 

Approximately 1 g of Velcro pieces that had been washed with 
water and then dried was mixed with approximately 10.5 g of adipose tissue. A 
5 control lacking Velcro pieces was performed with 10.9 g of adipose tissue. The 
test materials were processed essentially according to the protocol in Example 
1. Cell count and viability assays were performed at the end of the process, 
and the results are shown in Table 6. 

10 Table 6. Stem Cell Viability and Cell Number When Processed Using Velcro 
Pieces 



Condition 


Viability (%) 


Ceiis/g 


Cell Yield 


No Velcro 


62.5 


20,000 


220,000 


Velcro 


62.6 


60.000 


660,000 



These results demonstrate that including small adherent materials 
during tissue processing results in an increased cell yield with comparable 
15 viability. Accordingly, the addition of small adherent materials during tissue 
processing provides a remarkably superior method for preparing stem cells, 
since it provides the substantial advantage of requiring less tissue to yield the 
same number of cells. 



20 EXAMPLE 7 

Method of Freezing Purified Stem Cells 
Purified cell populations are prepared for storage in liquid nitrogen 
according to the following procedure. 

a. Freezing medium is prepared by determining the total 
25 number of cryovials to be used. Generally, this involves dividing the number of 
cells available by 3 million. Each cryovial receives 1.0 ml of freezing 
medium/cells, so the total number of cryovials is multiplied by 1.25 to determine 
the volume of freezing medium made. The appropriate number of cryovials is 
placed into a Cryo-Safe that has been stored at -10°C overnight. 
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b. While working in the tissue culture hood, pipette the 
appropriate amount of DMSO and fetal bovine serum such that the final amount 
of DMSO in the freezing medium is 10% and the final amount of fetal bovine 
serum in the freezing medium is 90%. Mix well. 
5 c. Process the freezing medium through a sterile, DMSO- 

compatible 0.2 \im filter into a sterile 50 mi conical tube. Place the tube in the 
refrigerator for at least 45 min. 

d. Centrifuge the isolated cell preparation at 400 x g for 10 
min. Carefully pour off the supernatant and flick the tube to fiuidize the cell 

10 pellet 

e. Add enough freezing medium to the conical tube to yield 1 
ml for each cryovial. This is done by slowly adding the freezing medium over 
the course of 30-60 seconds, while swiriing the suspension to ensure mixing. 

f. Gently pipette the cells with the freezing medium in order to 
1 5 ensure that the cells are completely resuspended. 

g. Place 1 .0 ml of the cell suspension into each of the 
cryovials. Cap and immediately transfer the vials to a Mr. Frosty, 

h. Immediately place the Mr. Frosty on the bottom shelf of a - 
80*C freezer. Place a cryovial storage cane in the freezer. 

20 i. After a minimum of four hours storage in the -SO'^C freezer 

(not to exceed 20 hours), place the cryovials in the cane and immediately 
transfer the cane to a liquid nitrogen storage tank. 

Cells frozen under liquid nitrogen are thawed as follows. 

a. Recovery medium is made by combining the appropriate 

25 volume of autologous serum and Iscove's Modified Dulbecco's Medium (IMDM) 
to allow for a minimum of 1:10 dilution of the contents of the cryovial (usually 
1 .0 ml). To this volume, add 1 .5 ml to determine the final volume of recovery 
medium that should be made. Preferably, the ratio is 1 :15. The final recovery 
medium is 20% autologous serum and 80% IMDM by volume. Transfer the 

30 amount of recovery medium to be used for washing to a sterile 50 ml conical 
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tube. Place both tubes of recovery medium in the refrigerator for a minimum of 
30 min. 

b. The cryovial is removed from the liquid nitrogen storage 
tank and immediately placed In contact with a 37"C water bath. The threads of 
5 the vial should not be submerged below the surface of the water. 

a After approximately 2.5 min., the vial is examined to 
determine if the cells have thawed. Excess heating of the vial should be 
avoided. 

d. As soon as the cells appear thawed, the outside of the vial 
10 is washed with 70% isopropyl alcohol and placed into a Cryo-Safe that was 

stored at -10'C overnight 

e. The contents of the vial are immediately transferred to the 
50 ml conical containing the washing recovery medium using a sterile pipette, 
and the suspension is gently mixed. 

15 f. The cell suspension is centrifuged at 400 x g for 6 min. 

g. The supernatant is gently poured off and the tube is flicked 
to fluidize the ceils. 

h. Add 1 .0 ml recovery medium to resuspend the cells. Very 
slowly pipette the cells up and down in the pipette to mix the cells. Transfer the 

20 cells to a cryovial stored in the Cryo-Safe. 

i. A 30 \i\ aliquot of the cell suspension should be taken for 
determining the viability and cell count. 

j. 40 |jl of sterile ticarcillin stock solution (25 mg/ml) is added 
and mixed gently. 

25 k. An 18 gauge needle attached to a sterile 1 ml syringe is 

used to draw the suspension into the syringe. Remove any trapped bubbles by 
gently tapping the barrel of the syringe. 

I. Remove the needle and place the sterile syringe tip cap on 
the end of the syringe. 

30 m. Place the syringe in the refrigerator. 
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Packages of cells are prepared for shipment to a physician or 
veterinarian as follows. 

a. A label including identification information is attached to the 

syringe. 

5 b. The syringe is wrapped in bubble wrap and placed in a 

shipping box with ice packs above and below the syringe. 

c. Any remaining space in the box is filled with packing 
material, the lid is inserted, and the box is sealed. 

The viability of cells frozen and thawed according to the 
10 procedure is greater than 65%, indicating that these procedures may be used 
successfully to store purified stem cells. 



EXAMPLE 8 
Validation of Syringe Storage of Cells 

15 

The viability of ceils obtained by the coliagenase-based 
processing protocol described in Example 1 was further examined to determine 
the Impact of placing cells in a syringe and shipping the syringe to the attending 
veterinarian for return to the patient. The viability of each cell preparation was 

20 determined on Day 0. An aliquot of each cell preparation was then placed in a 
syringe, which was placed in a package with frozen cold packs and left at room 
temperature for between 20-24 hours before viability was determined (Day 1). 
For a subset of cell preparations, a control aliquot was stored in a refrigerator in 
a plastic tube for viability determination on Day 1 . "ND" indicates that the 

25 viability was not determined. The results of these studies are provided in Table 
7. 



Table 7. Viability of Stem Cell Preparation Stored in a Syringe 





Viability 




Day 0 


Day 1 


Patient 


Control (%) 


Control (%) 


Syringe (%) 


Identification 






092403-01 


63.2 


ND 


74.0 
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092403-02 


85.2 


ND 


73.5 


092403-03 


91.7 


ND 


83.8 


092403-04 


66.7 


ND 


54.3 


092503-01 


80.6 


80.0 


88.2 


092503-02 


77.9 


79.2 


81.8 


101003-01 


83.5 


71.6 


74.0 


101003-02 


81.3 


69.6 


74.3 



Surprisingly, these results demonstrate that the stem cell 
preparations exhibited little or no reduction in viability when stored in syringes 
on cold packs, thereby demonstrating that stem cell populations may be 
5 prepared and shipped, e.g., in a syringe, to a different location for 
administration to a patient. 



EXAMPLE 9 

Adipose-derived pluripotent stem cells for tendon repair 

10 To demonstrate the clinical efficacy of stem cells prepared 

according to the methods of the invention, as provided in Example 1, a double- 
blinded, placebo-controlled study was performed using four cell therapy treated 
and four placebo-treated control horses. Lesions were created with 
collagenase to mimic natural tendonitis, and autologous cell transplants were 

15 conducted 10 days after lesions were induced. Adipose tissue from the tail 
head area on each animal was processed with the collagenase-based 
processing protocol. The cell preparations for four of the horses were injected 
into the lesions, and saline was injected for the controls. Weekly ultrasounds 
were performed. The horses were sacrificed at six weeks post therapy, and the 

20 wound sites examined. 

The results of these experiments demonstrate statistically 
significant improvements in the injuries treated with the stem cell preparations 
(treated) as compared to the controls. Specifically, inflammatory cell Infiltrates 
were not observed in the treated animals, whereas slight to moderate 

25 inflammatory infiltrate was observed in the controls, thus demonstrating the 
anti-inflammatory effect of the cell preparations. The treated injuries exhibited 
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significant improvement in architecture witli uniform collagen fiber creation and 
significant improvement in the crimp observed under polarized light indicating 
normal cross-linking of collagen. In addition, the treated injuries showed 
statistically significant Improvement in the cell treated group demonstrating the 
5 overall benefit in improved healing of the tendons. Also, the treated injuries 
demonstrated Improved collagen fiber linearity, more normal tendon shape and 
sparse tenocyte density, reduced hemorrhage and swelling, more normal new 
vessel numbers, reduction in lesion size in cells in treated as compared to 
controls as a percent of starting lesion size (baseline). The lesions in cell 
10 treated horses had a lower grade for most of the study as compared to controls, 
despite starting at an equivalent (or higher) value, and an improved linear fiber 
pattern was seen. 

From the foregoing it will be appreciated that, although specific 
15 embodiments of the invention have been described herein for purposes of 

Illustration, various modifications may be made without deviating from the spirit 
and scope of the invention. Accordingly, the invention is not limited except as 
by the appended claims. 
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